sented less than 1% of total sales of sympathomimetic aerosols.
Although this suggests that overuse of nebulisers is unlikely to be a major factor contributing to the current epidemic, the pattern of use may be more important than the total sales, but this cannot be examined in the present study.
One factor that may account in part for the difference in sales of drugs between the countries examined is the cost of prescriptions to the patient. In New Zealand the most frequently prescribed drugs used to treat asthma are free to the patient, whereas the charges for prescriptions in Australia and the UK may act as a financial disincentive. Furthermore, in New Zealand the cost of consultations with general practitioners may discourage patients from seeking the optimum supervision, whereas in the UK there is no financial barrier to consultations with general practitioners. The trends in sales of drugs to treat asthma shown here may reflect international differences in prescribing patterns for all drugs. Indeed, international comparisons of use of drugs per head of population have shown more than twofold differences between countries. '4 In the absence of comparable data on trends in prevalence and severity of asthma in the countries investigated, the interpretation of our data can only be speculative. Nevertheless, the results of this study show that a dramatic increase in per caput sales of drugs to treat asthma has not been associated with a reduction in mortality due to asthma. Multiple regression analysis showed a significant correlation (r=071; p <0001) between dose and age, body weight, the taking of regular sedation, and the taking of more than 40 g alcohol daily, but there were no differences in the doses required between men and women, smokers and non-smokers, inpatients and outpatients, or dental and endoscopy patients. Patients aged 80 required an average dose of 10 mg and patients aged 20 an average dose of 30 mg, and the dose required was much higher in those receiving regular sedation or having a high alcohol intake. Plasma total and free diazepam concentrations were measured in the second half of the series of patients Introduction The doses of diazepam needed to produce the same degree of sedation varies widely among patients. There is little information about the factors which alter diazepam tolerance and which might be used to predict the dose required. The neurological response to diazepam has been reported to increase with age,' 2 but those results may have been influenced by the selection and distribution of patients,' and the use of additional premedications.I There is also evidence that patients who take the drug regularly, cigarette smokers,3 and those who take large amounts of alcohol regularly,4 may be more tolerant of its effects.
Diazepam is highly bound to plasma proteins and only the unbound fraction is available for distribution in the tissues. Plasma binding decreases with age,5-and it has been suggested that the rise in free drug concentration will lead to an increase in the clinical response.7 We have studied the relation between the dose of diazepam required for sedation and the factors that have been reported to alter the clinical response. The degree total and free diazepam concentrations were also measured to assess the extent to which the clinical response is determined by pharmacokinetic factors.
Methods
We studied 78 patients (43 men, 35 women) who required diazepam for elective dental and endoscopic procedures. A detailed history of cigarette smoking, alcohol consumption, and medication, was taken. Patients with a history of uraemia (blood urea concentration > 13 mmol/l, >78 mg/100 ml), hypoalbuminaemia (albumin concentration <3-5 g/l), multiple drug treatment (more than two drugs a day, excluding antacids), and those taking any type of sedative drug irregularly were excluded. The fasting patients were given a slow intravenous injection of diazepam (3 mg/min) through an indwelling cannula in the left arm until they were sedated or a maximum of 50-70 mg (depending on body size) had been given. We Nine patients were taking more than 40 g alcohol a day, and one of these was also receiving regular sedation. Seven patients required maximum doses of diazepam but were still undersedated. All of these patients were regular users of sedation or large amounts of alcohol.
DOSE OF DIAZEPAM
Multiple regression analysis showed that a significant proportion (50o) of the total variability in the dose required for sedation could be explained by the correlation with age, taking regular sedation, the patient's weight, and taking large amounts of alcohol (fig 1) . The dose did not correlate with the plasma albumin concentration or with plasma protein binding. There were no differences in the dose required between men and women, smokers and non-smokers, inpatients and outpatients, or dental and endoscopy patients. Patients with more serious illnesses-for example, malignancy (n =3)-tended to require below average doses, but the classification of "illness" was subjective and not included in the multiple regression analysis.
The overall multiple regression equation (r = 0 71; p < 0 001) for the dose required for sedation was: dose in mg = 29 -0 33 x age in years + 0 13 x weight in kg + 18 (if receiving regular sedation) + 12 (if taking more than 40 g alcohol a day). Thus the predicted dose for a patient aged 50, weighing 70 kg, and taking little alcohol was 21-6 mg (29-16 5 +9-1 +0 +0) if not taking sedatives and 39 6 mg (29-16-5 + 9 1 + 18 +0) if taking a hypnotic regularly. Figure 1 shows the values for dose of diazepam (mg) plotted against age together with the regression line for the non-sedative and low alcohol intake group. The table gives the corresponding regression equations. Almost all the patients in the regular sedation, high alcohol intake group required more than the average doses required by the non-users. The clinical end point was usually more abrupt in onset and therefore easier to define in the older subjects. This may partly explain the decreased scatter of values about the regression line in those patients.
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In the second half of the series (37 patients) a venous sample was taken from the right arm two minutes after the end of the injection. Plasma was separated and stored at -20°C. The plasma total diazepam concentration was measured using a simplified gas-liquid chromatography technique.9 The precision of the assay was better than 50 .9 10 The free diazepam fraction (buffer disintegrations per minute/ corrected plasma disintegrations per minute) was measured by overnight equilibrium dialysis of 0 5 ml unfrozen plasma against 0 5 ml isotonic phosphate buffered saline (pH 7 35) containing carbon-14 labelled diazepam 2-5 nmolIl (71-3 ng/100 ml).10 Plasma binding was corrected for osmotic changes using the predialysis and postdialysis albumin concentrations,5 measured by the bromocresol green method.10 Plasma free diazepam concentration was estimated as the plasma total diazepam concentration x the free diazepam fraction.
The analysis was primarily concerned with the effect of age on diazepam tolerance.10 The relation between the dose of diazepam and other variables was first analysed with a multiple regression programme in which the independent variables were inserted one at a time and the overall correlation was determined.11 Dummy variables (0/1) were used to denote the presence or absence of regular sedation, a high alcohol intake, and smoking and for male or female sex, inpatient or outpatient state, and dental or endoscopic procedure. Regular sedation was defined as taking any form of sedation regularly for one week or more before the procedure and a high alcohol intake as drinking more than 40 g alcohol a day.
Results
Four patients who reached the clinical end point were withdrawn because subsequent sedation was unsatisfactory. Three young patients were obviously undersedated and one old patient was oversedated. These patients were included in a second conservative analysis (see table) .
Nine patients were receiving regular sedation. Four were receiving daily diazepam (0 5-5-0 mg), three were receiving nitrazepam (5 0-7 5 mg), one lorazepam (1 0 mg), and one trimipramine (25-0 mg). Patients with high alcohol intake. *= Patients receiving regular sedation. J =Patients with high alcohol intake and receiving regular sedation. 0= Regression line for patients with low alcohol intake and no previous sedation (n= 57).
PLASMA CONCENTRATIONS
There was a good correlation between the dose of diazepam and the plasma total (r =0-83; p <0 01) and free (r =0 78; p <0 001) diazepam concentrations, which was strongest when the dose was corrected for body weight (mg/kg). Figures 2 and 3 show the values for the plasma concentrations plotted against age. Both the total and free plasma concentrations required for sedation fell twofold to threefold between the ages of 20 and 80. Patients taking sedatives or large amounts of alcohol regularly tended to require much higher concentrations. The mean free diazepam fraction rose from 2-75% at age 20 to 3-5% at age 80 (correlation with age: r=0 29; p <0 075) and was inversely correlated with the albumin concentration (r= -0 39; p<0 01). The correlation 352 1 1 AUGUST 1 984 1 1 AUGUST 1984 353 between both the free and total plasma concentrations and age (table) depended on the degree of patient selection. When healthy patients who took little alcohol and no sedatives were selected (n= 18) the correlation between plasma free diazepam concentration and age increased from -0-67 (p<0O001) to -0-78 (p<0001). Conversion: SI to traditional units-Diazepam: 1 tsmol/1 I 28-5 Mg/100 ml.
Discussion
The peak concentration of diazepam after intravenous injection depends on the rate of injection, which should be kept constant in a comparative study.'2 This makes it difficult to keep the observer "blind" by the use of infusion pumps and so on, since the dose can be estimated from the duration of the injection. We therefore used an "open" study design with a clinical end point which was as unambiguous as possible. The clenched fist sign appeared to give a more reproducible end point than standard signs such as the onset of ptosis or failure to answer questions. In four subjects who required follow up endoscopies after more than three months the dose required varied by less than 20%. The degree of sedation was greater than usually required for minor procedures but the sign is recommended for premedicating difficult patients such as the very anxious or those who show a high degree of tolerance. In these patients minor procedures may end in distressing failure and there is a risk of injury unless sedation is adequate.
The doses required to produce the same degree of sedation varied between 8 and 70 mg, and even the highest doses were not enough for many patients. The results emphasise the importance of titrating the dose against a clinical end point rather than administering a fixed dose. The regression of dose and total plasma concentration against age agreed well with the results of other studies. '' Our study confirms that sensitivity to diazepam increases twofold to threefold with aging but that patients taking benzodiazepines regularly, even those taking low doses, or regular alcohol usually show pronounced tolerance to the drug. Some patients were hardly affected after receiving 50 mg diazepam. A slow injection of 10-50 mg pethidine given after taking the blood sample invariably produced adequate sedation in these patients.
The increase in free drug concentration that occurs with aging is unlikely to account for the change in clinical response. The dose of diazepam did not correlate with the degree of plasma protein binding. Diazepam enters the brain extremely rapidly after intravenous injection"3 and is probably almost completely cleared from plasma during a single passage.'0 Under these conditions a decrease in plasma binding will tend to decrease rather than increase cerebral uptake because it will reduce the rate at which diazepam is delivered to the brain.'4 The differences in clinical tolerance can be explained only by changes in the central nervous system response (pharmacodynamic tolerance).
The cause of the altered neurological response is unknown. Specific benzodiazepine receptors have been identified within the central nervous system"5 but studies in rats-which also show age related changes in benzodiazepine sensitivity'0 16-have failed to detect any change in the number or affinity of benzodiazepine receptors.'0 1 '-19 These observations suggest that the change in response is due to changes in the postreceptor mechanism of action.
